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CLAIMS 



(57) [Claim(s)] 

[Claim 1] A solid-state-laser crystal characterized by dope concentration distribution of said laser activity ion 
increasing from an end face used as an excitation side of said solid-state-laser crystal continuously or gradually 
toward an end face used as a cooling surface in a solid-state-laser crystal of a disk configuration which has laser 
activity ion. 

[Claim 2] A solid-state-laser crystal according to claim 1 characterized by a continuous change of said dope 
concentration distribution being a straight line or a curve. 

[Claim 3] A solid-state-laser crystal according to claim 1 characterized by a gradual change of said dope 
concentration distribution being a straight line or a curve. 

[Claim 4] A solid-state-laser crystal characterized by having the inclination which increases from an excitation side 
in proportion to a square of distance of the thickness direction to a cooling surface toward an end face which turns 
into a cooling surface from an end face from which concentration of laser activity ion serves as an excitation side of 
said solid-state-laser crystal in a solid-state-laser crystal of a disk configuration which has laser activity ion. 
[Claim 5] A solid-state-laser crystal according to claim 1 or 3 characterized by forming a gradual change of said 
dope concentration distribution of cementation in two or more crystals with which dope concentration of laser 
activity ion differs. 

[Claim 6] A solid-state-laser crystal according to claim 5 characterized by two or more crystals with which said 
concentration differs being joined by an optical contact or diffused junction. 

[Claim 7] A solid-state-laser crystal according to claim 1 characterized by joining a crystal with which laser ion 
activity is not doped by excitation side of said solid-state-laser crystal. 

[Claim 8] Said laser activity ion is a solid-state-laser crystal according to claim 7 characterized by being Nd or Yb. 
[Claim 9] a creation method of a solid state laser crystal characterize by to heat material powder of a solid state 
laser crystal , to be the method of pull up a crystal and create a solid state laser crystal , attach solid-state seed 
crystal to a material solution which material powder fused , and rotate it , to make laser activity ion concentration in 
said material solution increase with time amount , and to carry out the inclination of the concentration of laser 
activity ion along a crystal orientation . 

[Claim 10] The manufacturing installation of the solid-state-laser crystal characterized by to have a means heat 
material powder of a solid-state-laser crystal , to be the manufacturing installation which pull up a crystal and 
create a solid-state-laser crystal , attach solid-state seed crystal to a material solution which material powder 
fused , and rotate it , to have a means to which laser activity ion in said material solution be made to increase with 
time amount , and to carry out the inclination of the concentration of laser activity ion along a crystal orientation . 
[Claim 1 1] A creation method of a solid-state-laser crystal characterized by carrying out the inclination of the 
concentration of laser activity ion in accordance with shaft orientations of a crystal by fusing a part of perimeter of 
a solid-state-laser crystal with uniform concentration of laser activity ion with a heating means, and carrying out 
multiple-times migration of the solid-state-laser crystal perimeter from one side to another side in accordance with 
shaft orientations with said heating means. 

[Claim 12] A heating means for fusing a part of perimeter of a solid-state-laser crystal with uniform concentration 
of laser activity ion, It has a means to move a relative position of said heating means and said solid-state-laser 
crystal to another side from one side along a crystal orientation of a solid-state-laser crystal. A manufacturing 
installation of a solid-state-laser crystal characterized by carrying out the inclination of the laser activity ion 
concentration along a crystal orientation by carrying out melting of the perimeter of a solid-state-laser crystal with 
said heating means, and carrying out multiple-times migration from one side to another side. 
[Claim 13] a creation method of a solid state laser crystal characterize by carry out melting of some powder 
sintered compacts of a solid state laser crystal material with which it be join to solid-state seed crystal into which a 
crystal be grow up from a fused solid state laser solution , and concentration of laser activity ion have inclination in 
a crystal orientation partially with a heating means , and carry out the inclination of the laser activity ion 
concentration along a crystal orientation . 

[Claim 14] A manufacturing installation of a solid-state-laser crystal characterized by creating a solid-state-laser 
crystal in which was equipped with the following, was made to carry out melting of said powder sintered compact 
partially with said heating means, and laser activity ion concentration carried out inclination in accordance with shaft 
orientations of a crystal. Solid-state seed crystal for growing up a crystal from a fused solid-state-laser solution A 
powder sintered compact of a laser crystal material with which it is combined with said solid-state seed crystal, and 
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< concentration of laser activity ion has inclination in a crystal orientation A heating means for fusing said some of 
powder sintered compacts 

[Claim 15] Semiconductor laser as the excitation light source A solid-state-laser crystal of a disk configuration A 
resonator which resonates light which carried out incidence of said semiconductor laser light, and was generated 
from an excitation side which is one end face of said solid-state-laser crystal It is a cooling means to a cooling 
surface which is an other—end side of said solid-state-laser crystal. It is solid-state-laser equipment equipped with 
the above, and dope concentration of laser activity ion in said solid-state-laser crystal is characterized by using a 
solid-state-laser crystal which has inclination which increases from an excitation side to a cooling surface. 
[Claim 16] Solid-state-laser equipment according to claim 15 characterized by a concentration gradient which dope 
concentration of laser activity ion increases from an excitation side to a cooling surface being continuous, and 
having the shape of the shape of a straight line, and a curve. 

[Claim 17] Solid-state-laser equipment according to claim 15 characterized by using a solid-state-laser crystal with 
inclination which increases from an excitation side in proportion to a square of distance of the thickness direction to 
a cooling surface toward an end face which turns into a cooling surface from an end face from which concentration 
of laser activity ion serves as an excitation side of said solid-state-laser crystal. 

[Claim 18] Semiconductor laser as the excitation light source A solid-state-laser crystal of a disk configuration A 
resonator which resonates light which carried out incidence of said semiconductor laser light, and was generated 
from an excitation side which is one end face of said solid-state-laser crystal It is a cooling means to a cooling 
surface which is an other-end side of said solid-state-laser crystal. It is solid-state-laser equipment equipped with 
the above, and is characterized by contacting said cooling means to the crystal face where said dope concentration 
is high using a solid-state-laser crystal joined so that it might become the inclination with which said dope 
concentration increases two or more crystals with which dope concentration of laser activity ion differs to a cooling 
surface from an excitation side. 

[Claim 1 9] Solid-state-laser equipment according to claim 1 8 characterized by two or more crystals with which said 
concentration differs being joined by an optical contact or diffused junction. 

[Claim 20] Solid-state-laser equipment according to claim 15 characterized by joining a crystal with which laser ion 
activity is not doped by excitation side of a solid-state-laser crystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the creation method of a solid-state-laser 
crystal, the solid-state-laser equipment using this, and a solid-state-laser crystal, and its manufacturing installation 
about the solid-state-laser equipment which makes semiconductor laser the source of excitation. 
[0002] 

[Description of the Prior Art] By the technical progress of high power semiconductor laser in recent years, 
development of the semiconductor laser excitation solid state laser which changes to the conventional discharge 
lamp excitation is activating. Semiconductor laser excitation has a well head, high beam quality, and which small and 
long lasting feature compared with discharge lamp excitation. Fundamentally, the increment in the semiconductor 
laser luminous intensity to input can attain the high increase in power of semiconductor laser excitation solid state 
laser. However, the problem that beam quality deteriorates produces a high increase in power and high beam quality 
by the increment in the refractive-index distribution accompanying the temperature rise in a crystal, and a heat 
strain as they have the relation of a trade-off and make the semiconductor laser light to input increase. 
[0003] The active mirror method which carries out end-face excitation of the thin disk mold laser crystal as one 
policy which solves this, and carries out end-face cooling from a rear face is proposed. The semiconductor laser 
excitation solid state laser of an active mirror method is described at details from laser research, the 24th volume, 
and 59 pages, for example to "65 pages." 

[0004] Drawing 24 is drawing showing an example of conventional solid-state-laser equipment. The solid-state-laser 
crystals 1 1 are the diameter of 6mm, and a disk configuration with a thickness of 2mm, and the homogeneity dope of 
Nd3+ which is laser activity ion by 1.4atm% concentration is carried out mostly at the base material of an yttrium 
aluminum garnet (YAG). To the wavelength of the excitation light 19 and the solid-state-laser light 20, nonreflective 
coating is performed to the excitation side 1 7 of the solid-state-laser crystal 11, and high reflective coating is given 
to the cooling surface 1 8. When the excitation light 1 9 with a wavelength of 880nm outputted from semiconductor 
laser 16 goes and comes back to under the solid-state-laser crystal 1 1 with a thickness of 2mm one time, 90% of 
energy is absorbed during a solid-state-laser crystal. 

[0005] Next, about how to create the conventional solid-state-laser crystal, the case of a neodium:YAG (Nd:YAG) 
crystal is mentioned as an example, and is explained. 

[0006] Drawing 25 is drawing for explaining the creation method of the conventional solid-state-laser crystal, and 
has shown the training furnace of the crystal by the Czochralski method, aluminum 203 which serves as a raw 
material of Nd:YAG into the crucible 29 made from Ir first in the Czochralski method, and Y2 03 And Nd 203 The 
powder of a high grade is put in, and it pulls up, attaching the YAG seed crystal 26 which melted powder, was made 
to generate the Nd:YAG solution 31, and was held at the tip of the alumina rod 32 in the Nd:YAG solution 31. and 
rotating it slowly with the coil 31 for induction heating. 

[0007] The segregation coefficient of a material proper exists in the crystal of laser activity ion and a base material. 
When a segregation coefficient is 1 , the concentration distribution which met the shaft orientations of a crystal is 
not produced, but the segregation coefficient to YAG of Nd is one or less, and activity ion concentration has the 
distribution which becomes thin as it is pulled up. For this reason, by the conventional training method, rotational 
speed and raising speed were set as about per hour 1mm per minute 20 times, respectively, and the solid-state- 
laser crystal which has uniform concentration in accordance with shaft orientations was raised so that 
concentration might become homogeneity to the shaft orientations of a crystal as much as possible. Then, it cut in 
desired magnitude, areflaxia and high reflective coating were given after polishing, and the solid-state-laser crystal 
was created. 

[0008] Next, actuation of conventional solid-state-laser equipment is explained with reference to drawing 24 . 
[0009] The excitation light 19 outputted from semiconductor laser 16 lets the condensing optical system 13 pass, 
and inputs it into a solid-state-laser crystal. 90% or more of energy is mostly absorbed by the solid-state-laser 
crystal 1 1 by turning up the excitation light 19 in the cooling surface 18 of the solid-state-laser crystal 1 1. A part of 
light absorbed by the solid-state-laser crystal 1 1 is changed into heat, and it is outputted from the output mirror 14 
as a solid-state-laser light 20 whose part is the wavelength of 1064nm. 

[0010] By the above-mentioned active mirror method, ideally, since the temperature distribution in a crystal are 
distributed in the thickness direction at a single dimension, the optical axis and temperature gradient vector of laser 
oscillation become parallel, and a thermal lensing effect is controlled. Furthermore, since the distance of an exoergic 
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location and a cooling surface can take short, efficient cooling is attained. 
[0011] 

[Problem(s) to be Solved by the Invention] Since the magnitude of a trouble of a laser crystal and excitation light is 
limited and a temperature gradient arises in the shape of an ellipse with a peak of the condensing section of the 
excitation light on the surface of a crystal, the depressor effect of the heat lens mentioned above will decrease. 
Furthermore, as the conventional laser crystal, since the laser activity ion concentration doped by the base material 
is fixed, the great portion of excitation light will be absorbed on the laser crystal surface, and there is a defect that 
the temperature of the laser crystal surface tends to rise. 

[0012] Drawing 26 is drawing having shown the amount 22 of excitation absorption of light of a under [ the crystal of 
the solid-state-laser crystal set up so that thickness of a crystal might be made to 4mm, it might make activity ion 
concentration 1.4atm(s)% and 99% of excitation light might be absorbed during a crystal ]. In addition, the absorbed 
amount expresses the crystal with the rate when dividing into 16 in the thickness (4mm) direction. A great portion of 
excitation light will be absorbed in respect of excitation of a crystal so that more clearly than drawing 26 . 
Consequently, the temperature rise in a crystal becomes the highest in respect of [ 1 7 (location of a horizontal axis 
0) ] excitation of the solid-state-laser crystal 1 1 . 

[0013] Drawing 27 has shown the count result of the rise temperature 23 when inputting the excitation light of 10W 
into the solid-state-laser crystal of the above-mentioned active mirror method. Distance from the crystal center 23 
where d and excitation light are irradiated in the distance from the excitation side 1 7 to a cooling surface 1 8 to the 
crystal side was set to r among drawing 27 , and the temperature change was set to T. In addition, in count, it is 
assumed that the energy of the abbreviation 1/3 of the absorbed excitation light 19 is changed into heat. 
Furthermore, in count, since the cooling effect from the excitation side 1 7 and the side 25 of the solid-state-laser 
crystal 1 1 is not taken into consideration, an actual temperature rise becomes lower than count. It turns out that 
temperature rises most in respect of solid-state-laser excitation so that more clearly than drawing 27 . In order that 
the cooling effect may decrease, this becomes a big demerit, so that it separates from a cooling surface. Although it 
is dependent on the parameter of a thermal configuration change of a crystal or a resonator in addition to 
temperature distribution about the quality of a beam, in this condition, it becomes difficult to perform a high increase 
in power further, maintaining the high quality of a beam. 

[0014] The purpose of this invention controls the heat strain accompanying a high increase in power, and is to offer 
the creation method of the solid-state-laser crystal used for the solid-state-laser equipment and this which can 
take out a quality beam. 
[0015] 

[Means for Solving the Problem] A solid-state-laser crystal of this invention is characterized by dope concentration 
distribution of said laser activity ion changing to a crystal orientation of said solid-state-laser crystal in a solid- 
state-laser crystal of a disk configuration which has laser activity ion. 

[0016] Moreover, a solid-state-laser crystal of this invention is characterized by dope concentration distribution of 
said laser activity ion increasing from an end face used as an excitation side of said solid-state-laser crystal 
continuously or gradually toward an end face used as a cooling surface in a solid-state-laser crystal of a disk 
configuration which has laser activity ion. 

[0017] Moreover, gradual change of dope concentration distribution is characterized by being formed of cementation 
and two or more crystals with which dope concentration of laser activity ion differs being. Moreover, it is 
characterized by joining a crystal with which laser ion activity is not doped by excitation side of a solid-state-laser 
crystal. Moreover, it is characterized by two or more crystals with which concentration differs being joined by an 
optical contact or diffused junction. Moreover, it is characterized by laser activity ion being Nd or Yb. 
[0018] The creation method of the solid-state-laser crystal of this invention by churning of a material solution is 
the creation method of a solid-state-laser crystal of pulling up a crystal, and a material solution agitates with a 
churning means with rotation raising, the activation segregation coefficient in the material solution of a solid-state- 
laser crystal brings close to the segregation coefficient of a proper, and it carries out carrying out the inclination of 
the laser activity ion concentration along a crystal orientation as the feature, attaching solid-state seed crystal to 
the material solution which heated material powder of a solid-state-laser crystal, and material powder fused, 
[0019] It carries out that the manufacturing installation of the solid-state-laser crystal of this invention by churning 
of a material solution is the solid-state-laser crystal manufacturing installation which pulls up a crystal, attaching 
solid-state seed crystal to the material solution which has a means heat material powder of a solid-state-laser 
crystal, and material powder fused, and rotating it, is equipped with a means agitate a material solution, brings the 
activation segregation coefficient in the material solution of a solid-state-laser crystal close to the segregation 
coefficient of a proper by churning, and carries out the inclination of the laser activity ion concentration along a 
crystal orientation as 

[0020] the creation method of the solid state laser crystal using the crucible of different ion concentration be the 
creation method of a solid state laser crystal of pull up a crystal , attach solid-state seed crystal to the material 
solution which heated the material powder of a solid state laser crystal , and a material powder fused , and rotate it , 
attach seed crystal in order of a material solution with high laser activation ion concentration , and be characterize 
by to carry out the inclination of the laser activity ion concentration along a crystal orientation to two or more 
material solutions with which the concentration of laser activity ion differ . 

[0021] The manufacturing installation of the solid-state-laser crystal using the crucible of different ion 
concentration is the manufacturing installation of a solid-state-laser crystal which pulls up a crystal, attaching 
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solid-state seed crystal to the material solution which has a means heat material powder of a solid-state-laser 
crystal, and material powder fused, and rotating it, and is characterized by to have two or more material solutions 
with which the concentration of laser activity ion differs, and to have a means attach seed crystal in order of a 
material solution with high laser active substance concentration. 

[0022] The creation method of the solid-state-laser crystal of a material solution which carries out the increment in 
ion concentration is the method of pulling up a crystal and creating a solid-state-laser crystal, makes the laser 
activity ion concentration in said material solution increase with time amount, and is characterized by to carry out 
the inclination of the laser activity ion concentration in accordance with shaft orientations, attaching solid-state 
seed crystal to a material solution which heated material powder of a solid-state-laser crystal, and material powder 
fused, and rotating it. 

[0023] The manufacturing installation of the solid-state-laser crystal of a material solution which carries out the 
increment in ion concentration is the manufacturing installation which pulls up a crystal and creates a solid-state- 
laser crystal, has the means to which the laser activity ion in said material solution makes increase with time 
amount, and is characterize by to carry out the inclination of the laser activity ion concentration in accordance with 
shaft orientations, attach solid-state seed crystal to the material solution which has a means heat material powder 
of a solid-state-laser crystal, and material powder fused, and rotate it. 

[0024] A creation method of a solid-state-laser crystal characterized by carrying out the inclination of the laser 
activity ion concentration in accordance with shaft orientations of a crystal by fusing a part of perimeter of a solid- 
state-laser crystal with uniform laser activity ion concentration with a heating means, and carrying out multiple- 
times migration from one side to another side in accordance with shaft orientations of a solid-state-laser crystal 
with said heating means. 

[0025] The manufacturing installation of the solid-stateHaser crystal characterized by to carry out the inclination of 
the laser activity ion concentration in accordance with the shaft orientations of a crystal by having a heating means 
for fusing a part of perimeter of a solid-state-laser crystal with uniform laser activity ion concentration, and a 
means move a relative position of said heating means and solid-state-laser crystal to another side from one side 
along a crystal orientation of a solid-state-laser crystal, and carrying out melting of said heating means, and 
carrying out the multiple-times migration of the perimeter of a solid-state-laser crystal from one side to another 
side. 

[0026] A creation method of a solid-state-laser crystal by heating of a sintered compact is characterized by 
carrying out melting of some powder sintered compacts of a solid-state-laser crystal material with which it is joined 
to solid-state seed crystal into which a crystal is grown up from a fused solid-state-laser solution, and laser activity 
ion concentration has inclination in shaft orientations partially with a heating means, and laser activity ion 
concentration carrying out inclination in accordance with shaft orientations of a crystal. 

[0027] A manufacturing installation of a solid-state-laser crystal by heating of a sintered compact A powder 
sintered compact of a laser crystal material with which solid-state seed crystal for growing up a crystal from a 
fused solid-state-laser solution is combined, and laser activity ion concentration has inclination in shaft orientations. 
It is characterized by heating means for fusing said some of powder sintered compacts, and creating a solid-state- 
laser crystal in which was made to carry out melting of said powder sintered compact partially with said heating 
means, and laser activity ion concentration carried out inclination in accordance with shaft orientations of a crystal. 
[0028] Solid-state-laser equipment of this invention Semiconductor laser as the excitation light source, and a solid- 
state-laser crystal of a disk configuration, In solid-state-laser equipment which equipped with a cooling means a 
resonator which resonates light which carried out incidence of said semiconductor laser light, and was generated 
from an excitation side which is one end face of said solid-state-laser crystal, and a cooling surface which is an 
other—end side of said solid-state-laser crystal Dope concentration of laser activity ion in said solid-state-laser 
crystal is characterized by using a solid-state-laser crystal which has inclination which increases from an excitation 
side to a cooling surface. Moreover, it is characterized by using a solid-state-laser crystal with inclination which 
increases from an excitation side in proportion to a square of distance of the thickness direction to a cooling 
surface toward an end face which turns into a cooling surface from an end face from which concentration of laser 
activity ion serves as an excitation side of said solid-state-laser crystal. 

[0029] Solid-state-laser equipment of this invention Semiconductor laser as the excitation light source, and a solid- 
state-laser crystal of a disk configuration. In solid-state-laser equipment which equipped with a cooling means a 
resonator which resonates light which carried out incidence of said semiconductor laser light, and was generated 
from an excitation side which is one end face of said solid-state-laser crystal, and a cooling surface which is an 
other-end side of said solid-state-laser crystal It is characterized by contacting said cooling means to the crystal 
face where said dope concentration is high using a solid-state-laser crystal joined so that it might become the 
inclination with which said dope concentration increases two or more crystals with which dope concentration of 
laser activity ion differs to a cooling surface from an excitation side. 

[0030] It is characterized by two or more crystals with which concentration differs being joined by an optical 
contact or diffused junction. 

[0031] It is characterized by joining a crystal with which laser ion activity is not doped by excitation side of a solid- 
state-laser crystal. 
[0032] 

[Embodiment of the Invention] The solid-state-laser crystal and the creation method of this invention, a 
manufacturing installation, and the solid-state-laser equipment using a solid-state-laser crystal are explained to 
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details with reference to a drawing. 

[0033] **** of the solid-state-laser equipment used by introduction this invention — with reference to ******, it 
explains just. Drawing 1 is drawing showing the whole solid-state-laser equipment configuration used in the example 
of this invention. Solid-state-laser equipment has the output mirror 14 for taking out the condensing optical system 
13 for condensing the semiconductor laser 16 for exciting the solid-state-laser crystal 1 1, and the excitation light 
19 into the solid-state-laser crystal 1 1 and the excitation light reflex mirror 15, the heat sink 12 that cools the 
solid-state-laser crystal 11, and the solid-state-laser light 20. The nonreflective coat and the high reflective coat 
are given to the excitation side 17 and cooling surface 18 of the solid-state-laser crystal 1 1 to the wavelength of 
the excitation light 19 and the solid-state-laser light 14, respectively. 

[0034] Next, actuation of the solid-state-laser equipment of drawing 1 is explained. The excitation light 19 
outputted from semiconductor laser 16 is irradiated during the solid-state-laser crystal 1 1 from the condensing 
optical system 13. The excitation light 19 is turned up with the high reflective film of the cooling surface 18 of the 
solid-state-laser crystal 11, and carries out incidence to the excitation light reflex mirror 15. When turned up by the 
excitation light reflex mirror 15, incidence of the excitation light 19 is again carried out to the solid-state-laser 
crystal 11. Thereby, 99% of energy of the excitation light 19 is absorbed by the solid-state-laser crystal 1 1. A part is 
changed into heat and, as for the light absorbed by the solid-state-laser crystal 1 1, a part is outputted as a solid- 
state-laser light 20 which is the wavelength of 1064nm. 

[0035] Next, the 1 st example of the solid-state-laser crystal of this invention is explained. The 1st example of a 
solid-state-laser crystal is 4mm in the diameter of 6mm, and thickness, and the concentration of laser activity ion is 
the crystal of Nd:YAG which increased in the thickness direction in proportion to distance like drawing 2 . In this 
example, the laser activity ion concentration in the excitation side 17 and a cooling surface 18 is 0.1 and 1.3atm%, 
respectively. The wavelength of the semiconductor laser light by this crystal is 880nm and output 1 0W, and is 
absorbed during a crystal of 99% of energy by going and coming back to under the crystal of this example two times. 

[0036] Next, the effect when using the 1st example of the solid-state-laser crystal of this invention is explained. 
Drawing 3 plots the rate of the excitation light 1 9 absorbed during the solid-state-laser crystal 1 1 in the example of 
this invention from the excitation side 17 to shaft orientations between cooling surfaces 18. In addition, the rate 
when dividing the solid-state-laser crystal 1 1 into 1 6 in the thickness direction has shown the amount 22 of 
excitation light absorption. As the crystal of the 1st example, by the cooling surface 18 side, since the concentration 
of laser activity ion is high, the excitation absorption of light is large at a cooling surface 18 side, and since pyrexia 
becomes large, efficient cooling in a cooling surface is attained. 

[0037] Drawing 4 is the result of calculating the temperature distribution in the crystal of the 1st example of a 
solid-state-laser crystal. Since the amount of excitation absorption of light becomes large near the cooling surface, 
while the peak of a temperature rise moves to a cooling surface side, it turns out that a rise value is held down by 
26 or less degrees. In addition, also in this count, since the cooling effect from the excitation side 1 7 and the side 25 
of the solid-stateHaser crystal 1 1 is not taken into consideration, a temperature rise will be controlled further in 
fact. 

[0038] Next, the 2nd example of the solid-state-laser crystal of this invention is explained. If it is made to increase 
more than the concentration in the second half of a 1atm% base in Nd:YAG shown in the 1st example of a solid- 
state-laser crystal, since the fall of a top level life will be produced, there is a limit in making concentration of 
activity ion high more than this. Therefore, the thickness of about 4mm is needed as thickness. On the other hand, 
ITTORIBIUMU which is the 2nd example of a solid-state-laser crystal: In YAG (Yb:YAG), the dope of activity ion is 
possible, without producing the fall of a top level life to 20atm%. 

[0039] Drawing 5 expresses concentration 21 distribution of the laser activity ion under crystal at the time of 
changing to a Nd:YAG crystal and using a Yb:YAG crystal. In Yb:YAG, since a high concentration dope is attained 
compared with Nd:YAG, 99% of energy of excitation light will be absorbed by going and coming back to under a 
crystal with a thickness of 1 .5mm two times. 

[0040] Drawing 6 expresses the rise temperature distribution at the time of using the above-mentioned solid-state- 
laser crystal. Since thickness can be made thin in Yb:YAG, much more cooling effect from a cooling surface will be 
acquired, and the peak of rise temperature will be controlled by about 24.7 degrees. 

[0041] In addition, although the solid-state-laser equipment of this invention described the arrangement which 
arranges the semiconductor laser 1 6 which is the excitation light 1 9 in a V character mold, and takes out the solid- 
state-laser light 20 perpendicularly to the solid-state-laser crystal 1 1, it can acquire the depressor effect of a 
temperature rise for the same configuration as the conventional example very much. 

[0042] Next, the creation method of the solid-state-laser crystal of this invention and the manufacturing installation 
of a solid-stateHaser crystal are stated to details using a drawing. 

[0043] Drawing 7 is the block diagram of the 1 st example which is the manufacturing installation of the solid-state- 
laser crystal of this invention, and differing from the manufacturing installation of the conventional solid-state-laser 
crystal is the point of having HANE 33 for churning for agitating the Nd:YAG solution 31 compulsorily. HANE 33 for 
churning is held at the rotating alumina rod 32, and agitates a Nd:YAG solution compulsorily by rotating with the 
alumina rod 32. By the conventional creation method, rotational speed and raising speed were slowly pulled up to 
about per hour 1mm per minute 20 times, respectively, and the solid-state-laser crystal which has uniform 
concentration in accordance with shaft orientations was raised so that concentration might become homogeneity to 
the shaft orientations of a crystal as much as possible. In this example, it is agitating the solution of Nd:YAG for 
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rotational speed and raising speed compulsorily with a churning means like the creation method of the conventional 
solid-state-laser crystal, and the effective segregation coefficient to YAG of Nd is brought close to the segregation 
coefficient of a proper, and it becomes raisable [ the laser crystal which has a steep concentration gradient 
compared with the conventional training method ]. 

[0044] In this example, although how to rotate HANE for churning which is a compulsory churning means with the 
alumina rod 32 was explained, it is also possible to establish a driving means independently and to perform 
compulsory churning. Moreover, in this example, training of the laser crystal which has a steep concentration 
gradient without using a churning means by being referred to as about per hour 1.5-2.5mm is also possible by 
making rotational speed and raising speed quicker than the creation method of the conventional solid-state-laser 
crystal. 

[0045] Drawing 8 expresses distribution of the activity ion concentration 34 under solid-state-laser crystal when 
creating using the manufacturing installation of the solid-state-laser crystal by this invention. The length of a 
crystal is expressed with the relative value and the relative length 1 is equivalent to seed crystal side 38. 
Concentration is expressed with the relative value to the laser activity ion concentration in the Nd:YAG solution 31. 
A concentration gradient becomes steep as it goes to seed crystal side 38, so that more clearly than drawing 8 . 
Creation of a solid-state-laser crystal with a free concentration gradient is attained by changing the laser activity 
ion concentration in the Nd:YAG solution 31 so that clearly also from expressing the concentration of a crystal with 
relative concentration, moreover, the inclination a35 out of the created NdrYAG crystal 27, inclination b36, and 
inclination c37 — creation of a solid-state-laser crystal with a free concentration gradient is attained by starting 
each portion. 

[0046] Next, the creation method of the solid-state-laser crystal of this invention and the 2nd example of a 
manufacturing installation are described. 

[0047] Drawing 9 is the block diagram of the 2nd example of the manufacturing installation of a solid-state-laser 
crystal, and has the crystal migration device 39 for moving in order the crucible 29 made from Ir and solid-state- 
laser crystal containing four kinds of solutions a40 with which laser activity ion concentration differs, a solution b41, 
a solution c42, and a solution d43 to a solution a40 - a solution d43. Laser activity ion concentration is set up so 
that it may become low, as it is the highest with a solution a40 and goes to a solution d43. 
[0048] By the creation method of the solid-state-laser crystal of this example, a crystal is first grown up in a 
solution a40. When the desired length is reached, the NdrYAG crystal 27 is moved to a solution b41 according to the 
crystal migration device 39, and a crystal is grown up again. Even a solution d43 repeats this. Thereby, creation of 
the crystal which has inclination in the length direction of a crystal is attained. :r 
[0049] Drawing 10 expresses distribution of the laser activity ion concentration 48 under solid-state-laser crystal 
by the creation method of the solid-state-laser crystal of this example. Inclination a44, inclination b45, inclination 
c46, and inclination d47 are concentration gradients created in the solution a40, the solution b41, the solution c42, 
and the solution d43, respectively. Although it is difficult completely linear to make inclination, the depressor effect 
of temperature rise sufficient also as a solid-state-laser crystal with inclination like drawing 10 can be acquired. 
Moreover, by increasing the class of solution with which concentration differs, creation of a crystal with a more 
uniform concentration gradient is attained, and it is **. 

[0050] In this example, although how to move a solid-state-laser crystal was explained, even if it moves a solution, 
creation of a crystal is possible. 

[0051] Next, the creation method of the solid-state-laser crystal of this invention and the 3rd example of a 
manufacturing installation are described. 

[0052] drawing 1 1 — the block diagram of the manufacturing installation of a solid-state-laser crystal — it is — the 
inside of the Nd:YAG solution 31 — a laser active substance — a raw material — Nd 203 The laser active 
substance inlet 49 for pouring in powder is formed. 

[0053] Nd 203 which is the raw material powder of a laser active substance in the crucible 29 made from Ir first in 
the creation method of the solid-state-laser crystal by this example aluminum 203 to remove and Y203 Only 
powder is introduced and the YAG crystal with which a laser active substance is not contained is grown up. Then, it 
is Nd 203 from the laser active substance inlet 49 in time amount. Powder is poured in. By being able to make the 
laser activity ion concentration in the NdrYAG solution 31 increase with time amount, and changing the injection rate 
and impregnation time amount of a laser active substance by this method, concentration is low at a seed crystal 
side, and it becomes possible to grow up a crystal with the concentration gradient which becomes so high that it 
separates. 

[0054] Next, the creation method of the solid-state-laser crystal of this invention and the 4th example of a 
manufacturing installation are described. 

[0055] In the manufacturing installation of the laser crystal in drawing 12 , the solid-state-laser crystal 50 with 
uniform concentration is held between the movable heaters 50 in accordance with the shaft orientations of a 
crystal, and a heater 50 moves to the right from the left, heating some crystals and making the zone of melting. By 
repeating such an activity, Nd3+ which is laser activity ion will move to right-hand side gradually. 
[0056] Drawing 1 3 expresses distribution of the laser activity ion concentration under solid-state-laser crystal when 
using the creation method of the above-mentioned laser crystal. Concentration is expressed with the relative value 
to the concentration of the laser activity ion of the early Nd:YAG crystal 51, and early concentration is equivalent to 
a curve a52. Migration of a heater 50 is changed and concentration distribution of laser activity ion changes with 
****** from a curve b53 to a curve d55. By this creation method, the creation method of a crystal with a still 
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steeper concentration gradient becomes possible by the difference in the concentration of the crystal used in early 
stages, and the count of migration of a heater 50. 

[0057] Next, the creation method of the solid-state-laser crystal of this invention and the 5th example of a 
manufacturing installation are described. 

[0058] When drawing 14 is referred to, the manufacturing installation of the solid-state-laser crystal of this 
invention is the YAG seed crystal 26 held at the alumina rod 56 and aluminum 203 used as the raw material of 
Nd:YAG, Y2 03, and Nd 203. It has the infrared generator 59 for generating the infrared radiation 60 for carrying out 
heating melting of some of Nd:YAG sintered compacts 58 which made the powder of a high grade sinter, and Nd:YAG 
sintered compacts 58. Beforehand, in the concentration of Nd 203 used as the raw material of laser activity ion, the 
Nd:YAG sintered compact 58 is created so that it may have inclination in shaft orientations. The infrared generator 
59 has the migration device 61 for moving up and down while revolving around the Nd:YAG sintered compact 59. 
[0059] Setting to this creation method, heating and carrying out melting of some Nd:YAG sintered compacts 58, 
from the YAG seed crystal 26 on a drawing, it rotates to down and the infrared generator 59 moves to it. Thereby, 
from the YAG seed crystal 26 side, whether it is the crystal of the Nd:YAG sintered compact 58 starts gradually, 
and a solid-state-laser crystal with the concentration gradient of the laser activity ion according to the 
concentration gradient of the laser activity ion in the Nd:YAG sintered compact 58 is created. In this creation 
method, creation of a solid-state-laser crystal with a free concentration gradient is attained by changing the 
concentration of the laser activity ion contained in the Nd:YAG sintered compact 58. 

[0060] Next, the 2nd example of the solid-state-laser crystal of this invention is explained to details with reference 
to a drawing. 

[0061] The concentration 62 of laser activity ion is made to increase from an excitation side in proportion to the 
square of the distance of the thickness direction to a cooling surface like drawing 15 in this example to a Nd:YAG 
solid-state-laser crystal with a diameter [ of 6mm ], and a thickness of 4mm. The activity ion concentration in the 
excitation side 1 7 and a cooling surface 1 8 is 0.2 and 1 .4atm%, respectively. By having such concentration 
distribution shows that the amount 63 of excitation light absorption absorbed during a solid-state-laser crystal 
becomes large by the cooling surface side further compared with the crystal which has a linear concentration 
gradient as shown in drawing 16 . 

[0062] Drawing 1 7 expresses the count result of the rise temperature when exciting a solid-state-laser crystal by 
the semiconductor laser of 10W. While the peak of rise temperature moves to a cooling surface side compared with 
the example of drawing 2 of a solid-state-laser crystal, peak value becomes possible [ controlling further ] - ^ 
compared with the case where it has the linear concentration gradient of 23.4 degrees and drawing 2 . ' k.v 
[0063] Next the 3rd example of the laser crystal of this invention is explained to details with reference to a drawing. 

[0064] Drawing 18 (a) expresses the side elevation of the solid-state-laser crystal of this invention, and drawing 18 
(b) expresses concentration distribution of laser activity ion. As for the solid-state-laser crystal of this invention, 
reference of drawing 18 joins the crystal of four different sheets of laser activity ion concentration. It is joined to 
order with low concentration from the crystal a65 with the lowest concentration, and a crystal a65 is arranged in the 
excitation side 17, and the crystal d68 is arranged in the cooling surface 18. 

[0065] Drawing 19 expresses the amount 69 of excitation absorption of light, and an absorbed amount becomes 
large as it goes to a crystal d68 from a crystal a 6 5. Furthermore, if the number of partitions of a crystal is 
increased, the example of drawing 2 will be approached. 

[0066] Drawing 20 expresses the count result of the rise temperature when exciting a solid-state-laser crystal by 
the semiconductor laser of 10W. The peak value of rise temperature is 28.3 degrees, and the depressor effect of a 
temperature rise as well as the example of drawing 2 is acquired. 

[0067] Next, how to create the 3rd example of a solid-state-laser crystal is described. 

[0068] 1mm in the diameter of 6mm, and thickness, and laser activity ion concentration — respectively — 0.35 and 
0. — it is 7, 1.05, and 1.4atm% and what ground the both ends of the crystal which is four sheets whose 
crystallographies axis corresponded at lambda/10, and parallelism 1 second is joined by the optical contact. It 
enables this to create the solid-state-laser crystal which the optical loss in a plane of composition hardly produces. 

[0069] In this example, although only the creation method of the crystal by the optical contact was described, 
creation by diffused junction is also possible. 

[0070] Next, the 4th example of the solid-state-laser crystal of this invention is explained to details with reference 
to a drawing. 

[0071] Drawing 21 (a) expresses the side elevation of the solid-state-laser crystal of this invention, and drawing 21 
(b) expresses concentration distribution of laser activity ton. As for the solid-state-laser crystal of this invention, 
reference of drawing 21 joins the crystal of two sheets of the crystal b with inclination with linear crystal a70 and 
concentration gradient by which laser activity ion is not doped. The plane of composition of Crystal b is a field 
where concentration is low, and another field is arranged in the cooling surface. 

[0072] Drawing 22 expresses the rate 73 of the amount of excitation absorption of light in a crystal a70, the 
excitation absorption of light does not happen but excitation light is absorbed as a crystal b74. 
[0073] Drawing 23 expresses the count result of the rise temperature when exciting a solid-state-laser crystal by 
the semiconductor laser of 10W. The peak value of rise temperature is 25.8 and the temperature depressor effect of 
0.2 is acquired compared with the example shown in drawing 2 . In fact, since the cooling effect from the side is 
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acquired, in this example it is twice whose surface area of the side of this compared with the example of drawing 2 , 
the depressor effect of temperature is acquired more. Furthermore, as a crystal a70, since the excitation absorption 
of light does not happen, the increase of the thickness of a crystal, and in order that [ even if it carries out, ] the 
depressor effect of a temperature rise may not decrease, the strong rise effect over a mechanical strain is acquired. 
Moreover, in the 4th example, although dope concentration serves as a straight line, it is not restricted to this, and 
it can use also for the solid-state-laser crystal stated in the 1 st of a solid-state-laser crystal - the 3rd example. 
[0074] In addition, Nd or Yb can be used for the 2nd of a solid-state-laser crystal - the 4th example as laser 
activity ion. 
[0075] 

[Effect of the Invention] In this invention, since the solid-state-laser crystal in a cooling surface with activity ion 
concentration higher than an excitation side is used, efficient cooling is attained. For this reason, the temperature 
rise in the solid-state-laser crystal at the time of a high increase in power can be controlled, and it becomes 
possible to control deterioration of the beam quality accompanying a high increase in power. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[A technical field to which invention belongs] This invention relates to a creation method of a solid-state-laser 
crystal, solid-state-laser equipment using this, and a solid-state-laser crystal, and its manufacturing installation 
about solid-state-laser equipment which makes semiconductor laser a source of excitation. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] By the technical progress of high power semiconductor laser in recent years, 
development of the semiconductor laser excitation solid state laser which changes to the conventional discharge 
lamp excitation is activating. Semiconductor laser excitation has a well head, high beam quality, and which small and 
long lasting feature compared with discharge lamp excitation. Fundamentally, the increment in the semiconductor 
laser luminous intensity to input can attain the high increase in power of semiconductor laser excitation solid state 
laser. However, the problem that beam quality deteriorates produces a high increase in power and high beam quality 
by the increment in the refractive-index distribution accompanying the temperature rise in a crystal, and a heat 
strain as they have the relation of a trade-off and make the semiconductor laser light to input increase. 
[0003] The active mirror method which carries out end-face excitation of the thin disk mold laser crystal as one 
policy which solves this, and carries out end-face cooling from a rear face is proposed. The semiconductor laser 
excitation solid state laser of an active mirror method is described at details from laser research, the 24th volume, 
and 59 pages, for example to "65 pages." 

[0004] Drawing 24 is drawing showing an example of conventional solid-state-laser equipment. The solid-state-laser 
crystals 1 1 are the diameter of 6mm, and a disk configuration with a thickness of 2mm, and the homogeneity dope of 
Nd3+ which is laser activity ion by 1.4atm% concentration is carried out mostly at the base material of an yttrium 
aluminum garnet (YAG). To the wavelength of the excitation light 19 and the solid-state-laser light 20, nonreflective 
coating is performed to the excitation side 17 of the solid-state-laser crystal 1 1, and high reflective coating is given 
to the cooling surface 18. When the excitation light 19 with a wavelength of 880nm outputted from semiconductor 
laser 16 goes and comes back to under the solid-state-laser crystal 1 1 with a thickness of 2mm one time, 90% of 
energy is absorbed during a solid-state-laser crystal. 

[0005] Next, about how to create the conventional solid-state-laser crystal, the case of a neodium:YAG (Nd:YAG) 
crystal is mentioned as an example, and is explained. 

[0006] Drawing 25 is drawing for explaining the creation method of the conventional solid-state-laser crystal, and 
has shown the training furnace of the crystal by the Czochralski method, aluminum 203 which serves as a raw 
material of Nd:YAG into the crucible 29 made from Ir first in the Czochralski method, and Y2 03 And Nd 203 The 
powder of a high grade is put in, and it pulls up, attaching the YAG seed crystal 26 which melted powder, was made 
to generate the Nd:YAG solution 31, and was held at the tip of the alumina rod 32 in the Nd:YAG solution 31, and 
rotating it slowly with the coil 31 for induction heating. 

[0007] The segregation coefficient of a material proper exists in the crystal of laser activity ion and a base material. 
When a segregation coefficient is 1 , the concentration distribution which met the shaft orientations of a crystal is 
not produced, but the segregation coefficient to YAG of Nd is one or less, and activity ion concentration has the 
distribution which becomes thin as it is pulled up. For this reason, by the conventional training method, rotational 
speed and raising speed were set as about per hour 1mm per minute 20 times, respectively, and the solid-state- 
laser crystal which has uniform concentration in accordance with shaft orientations was raised so that 
concentration might become homogeneity to the shaft orientations of a crystal as much as possible. Then, it cut in 
desired magnitude, areflaxia and high reflective coating were given after polishing, and the solid-state-laser crystal 
was created. 

[0008] Next, actuation of conventional solid-state-laser equipment is explained with reference to drawing 24 . 
[0009] The excitation light 19 outputted from semiconductor laser 16 lets the condensing optical system 13 pass, 
and inputs it into a solid-state-laser crystal. 90% or more of energy is mostly absorbed by the solid-state-laser 
crystal 1 1 by turning up the excitation light 1 9 in the cooling surface 1 8 of the solid-state-laser crystal 1 1 . A part of 
light absorbed by the solid-state-laser crystal 1 1 is changed into heat, and it is outputted from the output mirror 1 4 
as a solid-state-laser light 20 whose part is the wavelength of 1064nm. 

[0010] By the above-mentioned active mirror method, ideally, since the temperature distribution in a crystal are 
distributed in the thickness direction at a single dimension, the optical axis and temperature gradient vector of laser 
oscillation become parallel, and a thermal lensing effect is controlled. Furthermore, since the distance of an exoergic 
location and a cooling surface can take short, efficient cooling is attained. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In this invention, since the solid-state-laser crystal in a cooling surface with activity ion 
concentration higher than an excitation side is used, efficient cooling is attained. For this reason, the temperature 
rise in the solid-state-laser crystal at the time of a high increase in power can be controlled, and it becomes 
possible to control deterioration of the beam quality accompanying a high increase in power. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Since the magnitude of a trouble of a laser crystal and excitation light is 
limited and a temperature gradient arises in the shape of an ellipse with a peak of the condensing section of the 
excitation light on the surface of a crystal, the depressor effect of the heat lens mentioned above will decrease. 
Furthermore, as the conventional laser crystal, since the laser activity ion concentration doped by the base material 
is fixed, the great portion of excitation light will be absorbed on the laser crystal surface, and there is a defect that 
the temperature of the laser crystal surface tends to rise. 

[0012] Drawing 26 is drawing having shown the amount 22 of excitation absorption of light of a under [ the crystal of 
the solid-state-laser crystal set up so that thickness of a crystal might be made to 4mm, it might make activity ion 
concentration 1.4atm(s)% and 99% of excitation light might be absorbed during a crystal ]. In addition, the absorbed 
amount expresses the crystal with the rate when dividing into 1 6 in the thickness (4mm) direction. A great portion of 
excitation light will be absorbed in respect of excitation of a crystal so that more clearly than drawing 26 . 
Consequently, the temperature rise in a crystal becomes the highest in respect of [ 1 7 (location of a horizontal axis 
0) ] excitation of the solid-state-laser crystal 11. 

[0013] Drawing 27 has shown the count result of the rise temperature 23 when inputting the excitation light of 10W 
into the solid-state-laser crystal of the above-mentioned active mirror method. Distance from the crystal center 23 
where d and excitation light are irradiated in the distance from the excitation side 17 to a cooling surface 18 to the 
crystal side was set to r among drawing 27 , and the temperature change was set to T. In addition, in count, it is 
assumed that the energy of the abbreviation 1/3 of the absorbed excitation light 19 is changed into heat. 
Furthermore, in count, since the cooling effect from the excitation side 1 7 and the side 25 of the solid-state-laser 
crystal 1 1 is not taken into consideration, an actual temperature rise becomes lower than count It turns out that 
temperature rises most in respect of solid-state-laser excitation so that more clearly than drawing 27 . In order that 
the cooling effect may decrease, this becomes a big demerit, so that it separates from a cooling surface. Although it 
is dependent on the parameter of a thermal configuration change of a crystal or a resonator in addition to 
temperature distribution about the quality of a beam, in this condition, it becomes difficult to perform a high increase 
in power further, maintaining the high quality of a beam. 

[0014] The purpose of this invention controls the heat strain accompanying a high increase in power, and is to offer 
the creation method of the solid-state-laser crystal used for the solid-state-laser equipment and this which can 
take out a quality beam. 
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MEANS 



[Means for Solving the Problem] A solid-state-laser crystal of this invention is characterized by dope concentration 
distribution of said laser activity ion changing to a crystal orientation of said solid-state-laser crystal in a solid- 
state-laser crystal of a disk configuration which has laser activity ion. 

[0016] Moreover, a solid-state-laser crystal of this invention is characterized by dope concentration distribution of 
said laser activity ion increasing from an end face used as an excitation side of said solid-state-laser crystal 
continuously or gradually toward an end face used as a cooling surface in a solid-state-laser crystal of a disk 
configuration which has laser activity ion. 

[0017] Moreover, gradual change of dope concentration distribution is characterized by being formed of cementation 
and two or more crystals with which dope concentration of laser activity ion differs being. Moreover, it is 
characterized by joining a crystal with which laser ion activity is not doped by excitation side of a solid-state-laser 
crystal. Moreover, it is characterized by two or more crystals with which concentration differs being joined by an 
optical contact or diffused junction. Moreover, it is characterized by laser activity ion being Nd or Yb. 
[0018] The creation method of the solid-state-laser crystal of this invention by churning of a material solution is 
the creation method of a solid-state-laser crystal of pulling up a crystal, and a material solution agitates with a 
churning means with rotation raising, the activation segregation coefficient in the material solution of a solid-state- 
laser crystal brings close to the segregation coefficient of a proper, and it carries out carrying out the inclination of 
the laser activity ion concentration along a crystal orientation as the feature, attaching solid-state seed crystal to 
the material solution which heated material powder of a solidrstate-laser crystal, and material powder fused, 
[001 9] It carries out that the manufacturing installation of the solid-state-laser crystal of this invention by churning 
of a material solution is the solid-state-laser crystal manufacturing installation which pulls up a crystal, attaching 
solid-state seed crystal to the material solution which has a means heat material powder of a solid-state-laser 
crystal, and material powder fused, and rotating it, is equipped with a means agitate a material solution, brings the 
activation segregation coefficient in the material solution of a solid-state-laser crystal close to the segregation 
coefficient of a proper by churning, and carries out the inclination of the laser activity ion concentration along a 
crystal orientation as 

[0020] the creation method of the solid state laser crystal using the crucible of different ion concentration be the 
creation method of a solid state laser crystal of pull up a crystal , attach solid-state seed crystal to the material 
solution which heated the material powder of a solid state laser crystal , and a material powder fused , and rotate it , 
attach seed crystal in order of a material solution with high laser activation ion concentration , and be characterize 
by to carry out the inclination of the laser activity ion concentration along a crystal orientation to two or more 
material solutions with which the concentration of laser activity ion differ . 

[0021] The manufacturing installation of the solid-state-laser crystal using the crucible of different ion 
concentration is the manufacturing installation of a solid-stateHaser crystal which pulls up a crystal, attaching 
solid-state seed crystal to the material solution which has a means heat material powder of a solid-state-laser 
crystal, and material powder fused, and rotating it, and is characterized by to have two or more material solutions 
with which the concentration of laser activity ion differs, and to have a means attach seed crystal in order of a 
material solution with high laser active substance concentration. 

[0022] The creation method of the solid-state-laser crystal of a material solution which carries out the increment in 
ion concentration is the method of pulling up a crystal and creating a solid-state-laser crystal, makes the laser 
activity ion concentration in said material solution increase with time amount, and is characterized by to carry out 
the inclination of the laser activity ion concentration in accordance with shaft orientations, attaching solid-state 
seed crystal to a material solution which heated material powder of a solid-state-laser crystal, and material powder 
fused, and rotating it. 

[0023] The manufacturing installation of the solid-state-laser crystal of a material solution which carries out the 
increment in ion concentration is the manufacturing installation which pulls up a crystal and creates a solid-state- 
laser crystal, has the means to which the laser activity ion in said material solution makes increase with time 
amount, and is characterize by to carry out the inclination of the laser activity ion concentration in accordance with 
shaft orientations, attach solid-state seed crystal to the material solution which has a means heat material powder 
of a solid-state-laser crystal, and material powder fused, and rotate it. 

[0024] A creation method of a solid-state-laser crystal characterized by carrying out the inclination of the laser 
activity ion concentration in accordance with shaft orientations of a crystal by fusing a part of perimeter of a solid- 
state-laser crystal with uniform laser activity ion concentration with a heating means, and carrying out multiple- 
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times migration from one side to another side in accordance with shaft orientations of a solid-state-laser crystal 
with said heating means. 

[0025] The manufacturing installation of the solid-state-laser crystal characterized by to carry out the inclination of 
the laser activity ion concentration in accordance with the shaft orientations of a crystal by having a heating means 
for fusing a part of perimeter of a solid-state-laser crystal with uniform laser activity ion concentration, and a 
means move a relative position of said heating means and solid-state-laser crystal to another side from one side 
along a crystal orientation of a solid-state-laser crystal, and carrying out melting of said heating means, and 
carrying out the multiple-times migration of the perimeter of a solid-state-laser crystal from one side to another 
side. 

[0026] A creation method of a solid-state-laser crystal by heating of a sintered compact is characterized by 
carrying out melting of some powder sintered compacts of a solid-state-laser crystal material with which it is joined 
to solid-state seed crystal into which a crystal is grown up from a fused solid-state-laser solution, and laser activity 
ion concentration has inclination in shaft orientations partially with a heating means, and laser activity ion 
concentration carrying out inclination in accordance with shaft orientations of a crystal. 

[0027] A manufacturing installation of a solid-state-laser crystal by heating of a sintered compact A powder 
sintered compact of a laser crystal material with which solid-state seed crystal for growing up a crystal from a 
fused solid-state-laser solution is combined, and laser activity ion concentration has inclination in shaft orientations, 
It is characterized by heating means for fusing said some of powder sintered compacts, and creating a solid-state- 
laser crystal in which was made to carry out melting of said powder sintered compact partially with said heating 
means, and laser activity ion concentration carried out inclination in accordance with shaft orientations of a crystal. 
[0028] Solid-state-laser equipment of this invention Semiconductor laser as the excitation light source, and a solid- 
state-laser crystal of a disk configuration, In solid-state-laser equipment which equipped with a cooling means a 
resonator which resonates light which carried out incidence of said semiconductor laser light, and was generated 
from an excitation side which is one end face of said solid-state-laser crystal, and a cooling surface which is an 
other-end side of said solid-state-laser crystal Dope concentration of laser activity ion in said solid-state-laser 
crystal is characterized by using a solid-state-laser crystal which has inclination which increases from an excitation 
side to a cooling surface. Moreover, it is characterized by using a solid-state-laser crystal with inclination which 
increases from an excitation side in proportion to a square of distance of the thickness direction to a cooling 
surface toward an end face which turns into a cooling surface from an end face from which concentration of laser 
activity ion serves as an excitation side of said solid-state-laser crystal. 

[0029] Solid-state-laser equipment of this invention Semiconductor laser as the excitation light source, and a solid- 
state-laser crystal of a disk configuration, In solid-state-laser equipment which equipped with a cooling means a 
resonator which resonates light which carried out incidence of said semiconductor laser light, and was generated 
from an excitation side which is one end face of said solid-state-laser crystal, and a cooling surface which is an 
other-end side of said solid-state-laser crystal It is characterized by contacting said cooling means to the crystal 
face where said dope concentration is high using a solid-state-laser crystal joined so that it might become the 
inclination with which said dope concentration increases two or more crystals with which dope concentration of 
laser activity ion differs to a cooling surface from an excitation side. 

[0030] It is characterized by two or more crystals with which concentration differs being joined by an optical 
contact or diffused junction. 

[0031] It is characterized by joining a crystal with which laser ion activity is not doped by excitation side of a solid- 
state-laser crystal. 
[0032] 

[Embodiment of the Invention] The solid-state-laser crystal and the creation method of this invention, a 
manufacturing installation, and the solid-state-laser equipment using a solid-state-laser crystal are explained to 
details with reference to a drawing. 

[0033] **** of the solid-state-laser equipment used by introduction this invention — with reference to ******, it 
explains just Drawing 1 is drawing showing the whole solid-state-laser equipment configuration used in the example 
of this invention. Solid-state-laser equipment has the output mirror 14 for taking out the condensing optical system 
13 for condensing the semiconductor laser 16 for exciting the solid-state-laser crystal 1 1, and the excitation light 
19 into the solid-state-laser crystal 1 1 and the excitation light reflex mirror 15, the heat sink 12 that cools the 
solid-state-laser crystal 1 1 , and the solid-state-laser light 20. The nonreflective coat and the high reflective coat 
are given to the excitation side 1 7 and cooling surface 1 8 of the solid-state-laser crystal 1 1 to the wavelength of 
the excitation light 1 9 and the solid-state-laser light 1 4, respectively. 

[0034] Next, actuation of the solid-state-laser equipment of drawing 1 is explained. The excitation light 19 
outputted from semiconductor laser 16 is irradiated during the solid-state-laser crystal 11 from the condensing 
optical system 1 3. The excitation light 1 9 is turned up with the high reflective film of the cooling surface 1 8 of the 
solid-state-laser crystal 11, and carries out incidence to the excitation light reflex mirror 15. When turned up by the 
excitation light reflex mirror 15, incidence of the excitation light 19 is again carried out to the solid-state-laser 
crystal 11. Thereby, 99% of energy of the excitation light 19 is absorbed by the solid-state-laser crystal 11. A part is 
changed into heat and, as for the light absorbed by the solid-state-laser crystal 1 1 , a part is outputted as a solid- 
state-laser light 20 which is the wavelength of 1064nm. 

[0035] Next, the 1st example of the solid-state-laser crystal of this invention is explained. The 1st example of a 
solid-state-laser crystal is 4mm in the diameter of 6mm, and thickness, and the concentration of laser activity ion is 
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the crystal of Nd:YAG which increased in the thickness direction in proportion to distance like drawing 2 . In this 
example, the laser activity ion concentration in the excitation side 17 and a cooling surface 18 is 0.1 and 1.3atm%, 
respectively. The wavelength of the semiconductor laser light by this crystal is 880nm and output 10W, and is 
absorbed during a crystal of 99% of energy by going and coming back to under the crystal of this example two times. 

[0036] Next, the effect when using the 1st example of the solid-state-laser crystal of this invention is explained. 
Drawing 3 plots the rate of the excitation light 19 absorbed during the solid-state-laser crystal 1 1 in the example of 
this invention from the excitation side 17 to shaft orientations between cooling surfaces 18. In addition, the rate 
when dividing the solid-state-laser crystal 1 1 into 1 6 in the thickness direction has shown the amount 22 of 
excitation light absorption. As the crystal of the 1st example, by the cooling surface 18 side, since the concentration 
of laser activity ion is high, the excitation absorption of light is large at a cooling surface 18 side, and since pyrexia 
becomes large, efficient cooling in a cooling surface is attained. 

[0037] Drawing 4 is the result of calculating the temperature distribution in the crystal of the 1st example of a 
solid-state-laser crystal. Since the amount of excitation absorption of light becomes large near the cooling surface, 
while the peak of a temperature rise moves to a cooling surface side, it turns out that a rise value is held down by 
26 or less degrees. In addition, also in this count, since the cooling effect from the excitation side 1 7 and the side 25 
of the solid-state-laser crystal 1 1 is not taken into consideration, a temperature rise will be controlled further in 
fact. 

[0038] Next, the 2nd example of the solid-state-laser crystal of this invention is explained. If it is made to increase 
more than the concentration in the second half of a 1atm% base in Nd:YAG shown in the 1st example of a solid- 
state-laser crystal, since the fall of a top level life will be produced, there is a limit in making concentration of 
activity ion high more than this. Therefore, the thickness of about 4mm is needed as thickness. On the other hand, 
ITTORIBIUMU which is the 2nd example of a solid-state-laser crystal: In YAG (Yb:YAG), the dope of activity ion is 
possible, without producing the fall of a top level life to 20atm%. 

[0039] Drawing 5 expresses concentration 21 distribution of the laser activity ion under crystal at the time of 
changing to a Nd:YAG crystal and using a Yb:YAG crystal. In Yb:YAG, since a high concentration dope is attained 
compared with Nd:YAG, 99% of energy of excitation light will be absorbed by going and coming back to under a 
crystal with a thickness of 1.5mm two times. 

[0040] Drawing 6 expresses the rise temperature distribution at the time of using the above-mentioned solid-state- 
laser crystal. Since thickness can be made thin in Yb:YAG, much more cooling effect from a cooling surface will be 
acquired, and the peak of rise temperature will be controlled by about 24.7 degrees. . 
[0041] In addition, although the solid-state-laser equipment of this invention described the arrangement which 
arranges the semiconductor laser 1 6 which is the excitation light 1 9 in a V character mold, and takes out the solid- 
state-laser light 20 perpendicularly to the solid-state-laser crystal 1 1, it can acquire the depressor effect of a 
temperature rise for the same configuration as the conventional example very much. 

[0042] Next, the creation method of the solid-state-laser crystal of this invention and the manufacturing installation 
of a solid-state-laser crystal are stated to details using a drawing. 

[0043] Drawing 7 is the block diagram of the 1 st example which is the manufacturing installation of the solid-state- 
laser crystal of this invention, and differing from the manufacturing installation of the conventional solid-state-laser 
crystal is the point of having HANE 33 for churning for agitating the Nd:YAG solution 31 compulsorily. HANE 33 for 
churning is held at the rotating alumina rod 32, and agitates a Nd:YAG solution compulsorily by rotating with the 
alumina rod 32. By the conventional creation method, rotational speed and raising speed were slowly pulled up to 
about per hour 1mm per minute 20 times, respectively, and the solid-state-laser crystal which has uniform 
concentration in accordance with shaft orientations was raised so that concentration might become homogeneity to 
the shaft orientations of a crystal as much as possible. In this example, it is agitating the solution of Nd:YAG for 
rotational speed and raising speed compulsorily with a churning means like the creation method of the conventional 
solid-state-laser crystal, and the effective segregation coefficient to YAG of Nd is brought close to the segregation 
coefficient of a proper, and it becomes raisable [ the laser crystal which has a steep concentration gradient 
compared with the conventional training method ]. 

[0044] In this example, although how to rotate HANE for churning which is a compulsory churning means with the 
alumina rod 32 was explained, it is also possible to establish a driving means independently and to perform 
compulsory churning. Moreover, in this example, training of the laser crystal which has a steep concentration 
gradient without using a churning means by being referred to as about per hour 1.5-2.5mm is also possible by 
making rotational speed and raising speed quicker than the creation method of the conventional solid-state-laser 
crystal. 

[0045] Drawing 8 expresses distribution of the activity ion concentration 34 under solid-state-laser crystal when 
creating using the manufacturing installation of the solid-state-laser crystal by this invention. The length of a 
crystal is expressed with the relative value and the relative length 1 is equivalent to seed crystal side 38. 
Concentration is expressed with the relative value to the laser activity ion concentration in the Nd:YAG solution 31. 
A concentration gradient becomes steep as it goes to seed crystal side 38, so that more clearly than drawing 8 . 
Creation of a solid-state-laser crystal with a free concentration gradient is attained by changing the laser activity 
ion concentration in the Nd:YAG solution 31 so that clearly also from expressing the concentration of a crystal with 
relative concentration, moreover, the inclination a35 out of the created Nd:YAG crystal 27, inclination b36, and 
inclination c37 — creation of a solid-state-laser crystal with a free concentration gradient is attained by starting 
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each portion. 

[0046] Next, the creation method of the solid-state-laser crystal of this invention and the 2nd example of a 
manufacturing installation are described. 

[0047] Drawing 9 is the block diagram of the 2nd example of the manufacturing installation of a solid-state-laser 
crystal, and has the crystal migration device 39 for moving in order the crucible 29 made from Ir and solid-state- 
laser crystal containing four kinds of solutions a40 with which laser activity ion concentration differs, a solution b41, 
a solution c42, and a solution d43 to a solution a40 - a solution d43. Laser activity ion concentration is set up so 
that it may become low, as it is the highest with a solution a40 and goes to a solution d43. 
[0048] By the creation method of the solid-state-laser crystal of this example, a crystal is first grown up in a 
solution a40. When the desired length is reached, the Nd:YAG crystal 27 is moved to a solution b41 according to the 
crystal migration device 39, and a crystal is grown up again. Even a solution d43 repeats this. Thereby, creation of 
the crystal which has inclination in the length direction of a crystal is attained. 

[0049] Drawing 10 expresses distribution of the laser activity ion concentration 48 under solid-state-laser crystal 
by the creation method of the solid-state-laser crystal of this example. Inclination a44, inclination b45, inclination 
c46, and inclination d47 are concentration gradients created in the solution a40, the solution b41 t the solution c42, 
and the solution d43, respectively. Although it is difficult completely linear to make inclination, the depressor effect 
of temperature rise sufficient also as a solid-state-laser crystal with inclination like drawing 10 can be acquired. 
Moreover, by increasing the class of solution with which concentration differs, creation of a crystal with a more 
uniform concentration gradient is attained, and it is **. 

[0050] In this example, although how to move a solid-state-laser crystal was explained, even if it moves a solution, 
creation of a crystal is possible. 

[0051] Next, the creation method of the solid-state-laser crystal of this invention and the 3rd example of a 
manufacturing installation are described. 

[0052] drawing 1 1 — the block diagram of the manufacturing installation of a solid-state-laser crystal — it is — the 
inside of the Nd:YAG solution 31 — a laser active substance — a raw material — Nd 203 The laser active 
substance inlet 49 for pouring in powder is formed. 

[0053] Nd 203 which is the raw material powder of a laser active substance in the crucible 29 made from Ir first in 
the creation method of the solid-state-laser crystal by this example aluminum 203 to remove and Y203 Only 
powder is introduced and the YAG crystal with which a laser active substance is not contained is grown up. Then, it 
is Nd 203 from the laser active substance inlet 49 in time amount. Powder is poured in. By being able to make the 
laser activity ion concentration in the Nd:YAG solution 31 increase with time amount, and changing the injection rate 
and impregnation time amount of a laser active substance by this method, concentration is low at a seed crystal 
. side, and it becomes possible to grow up a crystal with the concentration gradient which becomes so high that it 
separates. 

[0054] Next, the creation method of the solid-state-laser crystal of this invention and the 4th example of a 
manufacturing installation are described. 

[0055] In the manufacturing installation of the laser crystal in drawing 12 , the solid-state-laser crystal 50 with 
uniform concentration is held between the movable heaters 50 in accordance with the shaft orientations of a 
crystal, and a heater 50 moves to the right from the left, heating some crystals and making the zone of melting. By 
repeating such an activity, Nd3+ which is laser activity ion will move to right-hand side gradually. 
[0056] Drawing 1 3 expresses distribution of the laser activity ion concentration under solid-state-laser crystal when 
using the creation method of the above-mentioned laser crystal. Concentration is expressed with the relative value 
to the concentration of the laser activity ion of the early Nd:YAG crystal 51, and early concentration is equivalent to 
a curve a52. Migration of a heater 50 is changed and concentration distribution of laser activity ion changes with 
****** from a curve b53 to a curve d55. By this creation method, the creation method of a crystal with a still 
steeper concentration gradient becomes possible by the difference in the concentration of the crystal used in early 
stages, and the count of migration of a heater 50. 

[0057] Next the creation method of the solid-state-laser crystal of this invention and the 5th example of a 
manufacturing installation are described. 

[0058] When drawing 14 is referred to, the manufacturing installation of the solid-state-laser crystal of this 
invention is the YAG seed crystal 26 held at the alumina rod 56 and aluminum 203 used as the raw material of 
Nd:YAG, Y2 03, and Nd 203. It has the infrared generator 59 for generating the infrared radiation 60 for carrying out 
heating melting of some of Nd:YAG sintered compacts 58 which made the powder of a high grade sinter, and Nd:YAG 
sintered compacts 58. Beforehand, in the concentration of Nd 203 used as the raw material of laser activity ion, the 
Nd:YAG sintered compact 58 is created so that it may have inclination in shaft orientations. The infrared generator 
59 has the migration device 61 for moving up and down while revolving around the Nd:YAG sintered compact 59. 
[0059] Setting to this creation method, heating and carrying out melting of some Nd:YAG sintered compacts 58, 
from the YAG seed crystal 26 on a drawing, it rotates to down and the infrared generator 59 moves to it. Thereby, 
from the YAG seed crystal 26 side, whether it is the crystal of the Nd:YAG sintered compact 58 starts gradually, 
and a solid-state-laser crystal with the concentration gradient of the laser activity ion according to the 
concentration gradient of the laser activity ion in the NdrYAG sintered compact 58 is created. In this creation 
method, creation of a solid-state-laser crystal with a free concentration gradient is attained by changing the 
concentration of the laser activity ion contained in the NdrYAG sintered compact 58. 

[0060] Next, the 2nd example of the solid-state-laser crystal of this invention is explained to details with reference 
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to a drawing. 

[0061] The concentration 62 of laser activity ion is made to increase from an excitation side in proportion to the 
square of the distance of the thickness direction to a cooling surface like drawing 15 in this example to a Nd:YAG 
solid-state-laser crystal with a diameter [ of 6mm ] t and a thickness of 4mm. The activity ion concentration in the 
excitation side 17 and a cooling surface 18 is 0.2 and 1.4atm%, respectively. By having such concentration 
distribution shows that the amount 63 of excitation light absorption absorbed during a solid-state-laser crystal 
becomes large by the cooling surface side further compared with the crystal which has a linear concentration 
gradient as shown in drawing 16 . 

[0062] Drawing 17 expresses the count result of the rise temperature when exciting a solid-state-laser crystal by 
the semiconductor laser of 10W. While the peak of rise temperature moves to a cooling surface side compared with 
the example of drawing 2 of a solid-state-laser crystal, peak value becomes possible [ controlling further ] 
compared with the case where it has the linear concentration gradient of 23.4 degrees and drawing 2 . 
[0063] Next, the 3rd example of the laser crystal of this invention is explained to details with reference to a drawing. 

[0064] Drawing 18 (a) expresses the side elevation of the solid-state-laser crystal of this invention, and drawing 18 
(b) expresses concentration distribution of laser activity ion. As for the solid-state-laser crystal of this invention, 
reference of drawing 18 joins the crystal of four different sheets of laser activity ion concentration. It is joined to 
order with low concentration from the crystal a65 with the lowest concentration, and a crystal a65 is arranged in the 
excitation side 17, and the crystal d68 is arranged in the cooling surface 18. 

[0065] Drawing 19 expresses the amount 69 of excitation absorption of light, and an absorbed amount becomes 
large as it goes to a crystal d68 from a crystal a65. Furthermore, if the number of partitions of a crystal is 
increased, the example of drawing 2 will be approached. 

[0066] Drawing 20 expresses the count result of the rise temperature when exciting a solid-state-laser crystal by 
the semiconductor laser of 10W. The peak value of rise temperature is 28.3 degrees, and the depressor effect of a 
temperature rise as well as the example of drawing 2 is acquired. 

[0067] Next, how to create the 3rd example of a solid-state-laser crystal is described. 

[0068] 1mm in the diameter of 6mm, and thickness, and laser activity ion concentration — respectively — 0.35 and 
0. — it is 7, 1 .05, and 1 .4atm% and what ground the both ends of the crystal which is four sheets whose 
crystallographies axis corresponded at lambda/1 0, and parallelism 1 second is joined by the optical contact. It 
enables this to create the solid-state-laser crystal which the optical loss in a plane of composition hardly produces. 
i ■ •■ i ; v'J.X u v * ■ . 

[0069] In this example, although only the creation method of the crystal by the optical contact was described/t 
creation by diffused junction is also possible. 

[0070] Next, the 4th example of the solid-state-laser crystal of this invention is explained to details with reference 
to a drawing. 

[0071] Drawing 21 (a) expresses the side elevation of the solid-state-laser crystal of this invention, and drawing 21 
(b) expresses concentration distribution of laser activity ion. As for the solid-state-laser crystal of this invention, 
reference of drawing 21 joins the crystal of two sheets of the crystal b with inclination with linear crystal a70 and 
concentration gradient by which laser activity ion is not doped. The plane of composition of Crystal b is a field 
where concentration is low, and another field is arranged in the cooling surface. 

[0072] Drawing 22 expresses the rate 73 of the amount of excitation absorption of light, in a crystal a70, the 
excitation absorption of light does not happen but excitation light is absorbed as a crystal b74. 
[0073] Drawing 23 expresses the count result of the rise temperature when exciting a solid-state-laser crystal by 
the semiconductor laser of 1 0W. The peak value of rise temperature is 25.8 and the temperature depressor effect of 
0.2 is acquired compared with the example shown in drawing 2 . In fact, since the cooling effect from the side is 
acquired, in this example it is twice whose surface area of the side of this compared with the example of drawing 2 , 
the depressor effect of temperature is acquired more. Furthermore, as a crystal a70, since the excitation absorption 
of light does not happen, the increase of the thickness of a crystal, and in order that [ even if it carries out, ] the 
depressor effect of a temperature rise may not decrease, the strong rise effect over a mechanical strain is acquired. 
Moreover, in the 4th example, although dope concentration serves as a straight line, it is not restricted to this, and 
it can use also for the solid-state-laser crystal stated in the 1 st of a solid-state-laser crystal - the 3rd example. 
[0074] In addition, Nd or Yb can be used for the 2nd of a solid-state-laser crystal - the 4th example as laser 
activity ion. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the whole solid-state-laser equipment configuration used for this invention. 
[Drawing 2] It is drawing showing concentration distribution of the laser activity ion in the Nd:YAG crystal which is 
the 1st example of the solid-state-laser crystal of this invention. 

[Drawing 3] It is drawing showing the rate of the amount of excitation absorption of light in the Nd:YAG crystal 
which is the 1st example of the solid-state-laser crystal of this invention. 

[Drawing 4] It is drawing showing the rise temperature distribution in the Nd:YAG crystal which is the 1st example of 
the solid-state-laser crystal of this invention. 

[Drawing 5] It is drawing showing concentration distribution of the laser activity ion in the Yb:YAG crystal which is 
the 1st example of the solid-state-laser crystal of this invention. 

[Drawing 6] It is drawing showing the rise temperature distribution in the Yb:YAG crystal which is the 1st example of 
the solid-state-laser crystal of this invention. 

[Drawing 7] It is drawing for explaining the 1st example of the manufacturing installation of the solid-state-laser 
crystal of this invention. 

[Drawing 8] It is drawing showing the laser activity ion concentration in the Nd:YAG crystal created according to the 
1st example of the creation method of the solid-state-laser crystal of this invention. 

[Drawing 9] It is drawing for explaining the 2nd example of the manufacturing installation of the solid-state-laser 
crystal of this invention. 

[Drawing 10] It is drawing showing the laser activity ion concentration in the Nd:YAG crystal created according to 
the 2nd example of the creation method of the solid-state-laser crystal of this invention. 

[Drawing 11] It is drawing for explaining the 3rd example of the manufacturing installation of the solid-state-laser ' 
crystal of this invention. 

[Drawing 1 2] It is drawing for explaining the 4th example of the manufacturing installation of the solid-state-laser 
crystal of this invention. 

[Drawing 1 3] It is drawing showing the laser activity ion concentration in the Nd:YAG crystal created according to 
the 4th example of the creation method of the solid-state-laser crystal of this invention. 

[Drawing 14] It is drawing for explaining the 5th example of the manufacturing installation of the solid-state-laser 
crystal of this invention. 

[Drawing 15] It is drawing showing concentration distribution of the laser activity ion in the Nd:YAG crystal which is 
the 2nd example of the solid-state-laser crystal of this invention. 

[Drawing 1 6] It is drawing showing the rate of the amount of excitation absorption of light in the Nd:YAG crystal 
which is the 2nd example of the solid-state-laser crystal of this invention. 

[Drawing 1 7] It is drawing showing the rise temperature distribution in the Nd:YAG crystal which is the 2nd example 
of the solid-state-laser crystal of this invention. 

[Drawing 18] It is drawing showing concentration distribution of drawing for explaining the 3rd example of the solid- 
state-laser crystal of this invention and laser activity ion. 

[Drawing 1 9] It is drawing showing the rate of the amount of excitation absorption of light in the Nd:YAG crystal 
which is the 3rd example of the solid-state-laser crystal of this invention. 

[Drawing 20] It is drawing showing the rise temperature distribution in the Nd:YAG crystal which is the 3rd example 
of the solid-state-laser crystal of this invention. 

[Drawing 21] They are drawing for explaining the 4th example of the solid-state-laser crystal of this invention, and 
drawing showing concentration distribution of laser activity ion. 

[Drawing 22] It is drawing showing the rate of the amount of excitation absorption of light in the Nd:YAG crystal 
which is the 4th example of the solid-state-laser crystal of this invention. 

[Drawing 23] It is drawing showing the rise temperature distribution in the Nd:YAG crystal which is the 4th example 
of the solid-state-laser crystal of this invention. 

[Drawing 24] It is drawing showing the conventional solid-state-laser equipment whole configuration. 
[Drawing 25] It is drawing for explaining the manufacturing installation of the conventional solid-state-laser crystal. 
[Drawing 26] It is drawing of the amount of excitation light absorption in the solid-state-laser crystal of 
conventional solid-state-laser equipment shown comparatively. 

[Drawing 27] It is drawing showing the rise temperature distribution in the laser crystal of conventional solid-state- 
laser equipment. 
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[Description of Notations] 

1 0 Reflecting Mirror 

1 1 Solid-State-Laser Crystal 

12 Heat Sink 

1 3 Condensing Optical System 

14 Output Mirror 

15 Excitation Light Reflex Mirror 

1 6 Semiconductor Laser 

17 Excitation Side 

18 Cooling Surface 

19 Excitation Light 

20 Solid-State-Laser Light 

21 Laser Activity Ion Concentration 

22 The Amount of Excitation Light Absorption 

23 Crystal Center 

24 Rise Temperature 

25 Crystal Side 

26 YAG Seed Crystal 

27 Nd:YAG Crystal 

28 Alumina Heat Insulator 

29 Crucible made from Ir 

30 Coil for Induction Heating 

31 Nd:YAG Solution 

32 Alumina Rod 

33 HANE for Churning 

34 Laser Activity Ion Concentration 

35 Inclination A 

36 Inclination B 

37 Inclination C 

38 Seed Crystal Side 

39 Crystal Migration Device 

40 Solution A 

41 Solution B 

42 Solution C 

43 Solution D 

44 Inclination A 

45 Inclination B 

46 Inclination C 

47 Inclination D 

48 Laser Activity Ion Concentration 

49 Laser Active Substance Inlet 

50 Heater 

51 NdrYAG Crystal 

52 Curve A 

53 Curve B 

54 Curve C 

55 Curve D 

58 NdrYAG Sintered Compact 

59 Infrared Generator 

60 Infrared Radiation 

61 Infrared Generator Migration Device 

62 Laser Activity Ion Concentration 

63 The Amount of Excitation Light Absorption 

64 Laser Activity Ion Concentration 

65 Crystal A 

66 Crystal B 

67 Crystal C 

68 Crystal D 

69 The Amount of Excitation Light Absorption 

70 Crystal A 

71 Crystal B 

72 Laser Activity Ion Concentration 

73 The Amount of Excitation Light Absorption 
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#faK»oT£j@B£-t±£c i*W«iT*H*u-tft£ 
a©fft$#fc 

ttW, (Irt£3ttto#6*Sa«l*±tfT@ttU- tflSa 10 

if rgtt j *6a*bfr r»i «:» ^ x sjib $ -t± £ c 

[MMtgl 1 ] u - if jgtt -Y * > «c M» U 

-1f*Sa<Z>Hffl<0— S5«rftI»#SCc<fc0«»l[L/. mfl2*n 

6fft^a»lHl«tt 3 cite U- ifj£f£4 
* > <£>i£S £*sa©Mi;frr6i ^iQ o t£jib £ i± £ c <h £ » 
gfc t -r £ Hf* u - if IS JlofftWrt*. 20 
[agai 2 ] u - if rStt -Y * > to u 

EEtmm^m t mm& u - if *sa <t <otB*ttata^ h# u 
-if*SB©«a»j&r^cc»^r— 

t)^. — ii&^fe^mmmhz&z 

£<LCc<fcD, u-lfffitt-f^>j««*<Saiil3SfiiCc»o 
X £JiB ?^^Ci ^r^m <L T £ Si* U - If ttacDSBSSS 

So 

[g^U 3] ^ bfcBftu-ifa«t^6il6a^:^ 30 

»a*pWfa*c*fflB*»oHf* u - 1ftea»»<^5BWS 
*©^*ttI«^accj:O^W6cjglB3-f±r. U-1f 

u—if m&vftf&xm. 
m^mi 4) ^ u /c@# u — !f mm* p>t£&&f£& 

u - If r£tt -Y * >©»lK#ISa**#l»J (c*JlB£»o u - 
at^/cMfliafSi^l, MIB^^ft^HulB 40 

i^^tefiott^ifiiccfflo r^jie L/cH# u -if *sa& 
rmrr *>ct*%m±?z>mfc\' - if «sa<z>*BS*B. 

^cd^M r £> £ j&i&ffi cfc 0 iiu!B*2gf* u - If AS* U 

x&&utcyt*±m2&2>*mm±. mim#is—?m 
-ifi6a«c*5c»r. «rgBHi*u-ifteart©u-if?stt 
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E*wrsH*u-ifisa*fflc^ci*w«irsH 

ttU-lfiSK. 

Cj§^3 1 6 ] u - if r£t4 Y^>©K- ^BK^iBiaffi 
Bttu-ifSgg. 

[MERgl 7 ] u - if fStt Y * > ©rfiKtftffiBBf* u - 

ttWLTt§^^lB^O®<*U-1ftea^:ffit^cC 
<b ««flk <b T ^> If 3J<^ J_5JB4£<D@<* U - If il 0 

Cjggcgj 8] m mMmtux<o^m»u-ift. 
^^^K©@»u-ifteai. striBSi* u - if Mao— 

^cD^ST^^^ia® j: o «WB*a«* u-lf A« O 
r^U/c^±tti$-t±^^S^i, BufBH^L — 1f#£ 

-ifsgatcfei^r. u-ifffitt^r^xoK-^aiK^a 

^«fln*r ^JSB L rj: *> J: *> Ccg^ u L — If Ma * 

[j§^a 1 9 ] mjfB^So^^^^flcDMa^^^^ 
i^#®i-r^fi*39i_8.fB18cDH*U--1f^S.- . 

mmmz o ] a^ u -if saoasos«: u ^-tf ^ ^ > 
tgttoK-^snrc»tt^isa*«^b^c<!:*««i 

T^fg^l 5§B>8<D@f»U-1fg«, • 
[000 1 ] 

^i-r^a^u-if^gccML, @*u-if«a<!:c 

n^r^c ^H* u -If ^g^O'H^ u -If tegkVitf&Jj 
[0 0 0 2 ] 

[«£*<oS*] itt^<D*a*^3»#u-ifc[>S8Bji*«: 

ffi*<otts^>^jaecc^*>s^<*u-ifffle 
H*u-if<DH»*«S^bL/ri^. *»f*P-if®sa 
tscm^>ym&actt^<x. m^m. mv-^&m. 

<*u-if(Di«ffl^k«. s*^tc« v A^-r€>^f*u 

-if*cD?as<Dti*nk:<i:or^'C^^ 0 u*>Lft*s 

^>«3, A*^^^f*u^if**«Bins-&s«:otir % 
«artossLh»{c^ ^s»?*»*sc«ftc>r*(D»ai 

[0003] cn^-r^ 1 rxo^^a OX. mi>r" 

5^-^<D^»<*u-if®gHftu--tf«:ocir«. 
m«ru-ifw5S % ^2 4^ v 59i^e>65U k: 



5 

[0004)124(1 fi£*<DHftU-1fSS<D— tfl* 
9fk-?m~C<h2> 0 B{*U-1fiiSftl HI Ii6mm, M 

r.^A-;tf-*^h (YAG) O^fcfaKl, 1. 4 a tm 
%e>?ggr U-lf r£t£ ^ >"C£> & Nd J * &mZ#l— K 

8 8 0nm©i^i9d 2mm(Dl*U-1fM 
ftl 1*£ l&ffi-T&C 9 0%<Dx*;U*--# 

Bteu— ifif&ft*Ki&iK£n£ 0 

[0 00 5 ] IX(<C. U5&<Dm&ls-yM£i,*:ilFf&-?Z>?> 
^^^A : YAG (Nd : YAG) *£A 

^2 9(7)^0^ Nd : YAGCDM*4£#&A 1 , 0 3 . 

y, o 3 s^Nd, o 3 <D^m&(om^xti. mmm 

mm=mi>3 1 icj:0. *&^3r*g*>U Nd : YAG® 
«3 1££/£$t!\ 7;^t^3 2©«JC§)*Uc, 
YAGi& B B 2 6^Nd: YAGM3 1 CD*CCoW\ 

[0 0 0.7] L'-v'rsmjx^tmttoii&gktrcte, mm 

CDf4^iC^o/c?^^^0^:l^5^ NdCDYAG 

/Co 

[0 00 8 ] ^tC^3SCD@ftU-1f^S(Dtt;mcoCi 
^2 4^#ffiLtP^o 

[0009] tf 1 6£K>mttLtcmmyti q 

t*. li^fc^i 3£rjit>r, Steu— tf^ccA^T 
»i§7fcl9H @^u-lf^l 10^aJMl8-c 
tirKt&Ztl&CtKJ:*). 9 0%W±(3[)x^ 

1 lCc»iRStife560— Stt*Uc^fft3*v — ttxms: 
1 0 64nm©l(*l/-1f*2 0ilt. tH*«14J: 

[0010] mft<DT*^j zr$ ?-jj5zr?te. m&m 
teuton xs-yzmvmbtumm^z hww4 
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frO. J»U>X*»«#WfW3ft£. HOC. #£$t{ig<h?£ 
[0 0 1 1 ] 

[0012]B26B 4 ^^cDJl^^:4mm, r£tt-f* 
>r£g£l. 4atm°/oiL > ^©9 9%^* 

(4mm) ^fatc 1 6#W!lL/t<h£(D 
HS-CSUrc^. H2 6cfc0 98 6*>«c<fc^«:. *£ft<D 

20 «jirt©»ffiji#tt. iftu-fen ions 

Ml 7 (Ht«l0CD{ig) -C*MS<fc*. 
[0013]i27«, «TiS©r*^.r :/5 zr-tt<D 

i 7 a^^a® i 8 s rcoisnt* d , mt&tt&mM-z tl 

**6»*'& 2 3 *6ttMfn* -C<Dffi«* f \: «S^{b 
^Til/c, W-ffTti, ^iR5n/cJ^ia^'l : 9(D 

H«C, tUTCtt. H* U -If 116ft 1 1CDB^®1 7 
30 JJMI12 5*6©»SRd«*#fl[Ltliftl^c«). H 

[ooi4] ffift&ttccw^tteKr* 
u-tf»jgsc^cnccrac^H*u-ifiSft<Df^fi!e&ffi 

[0015] 

i--if?gtt^^>^W"r^7 ; > xf&vxomfti'- 

ifteficcfeiir, Bulfiai*u-iffeftcr>Mft#^ccfrj 
IB u - if ffitt * > © F - t uri^c 

[0016] */c*«IBOH»U-1fil6ft«. !fS 
50 tt^^^^rWr^^^ **JBtt©BttU-1fttSK:*5l> 



(4) 



t & Z&micfafr o r ffjIB u -If rStfe ^t>©K- ^« 

[0017] g/c K-^«BE»*©B»Bmft»bft« u 

^fcj:9«j£3tti>r£C££^«!:T*. ^/clftU 
-if *SS<D»gB«: u -if j j; >?5tt(D K - *ir i> 

[0018] »«««<rt^CCJ:S*^OHf*U-1f 

e^CcfcDtM^L. a a k - *s a<P*m»« ^ fe a £ g 
[0019] »«««a«^«c<fc**^<oHftu-if 

tiff etc*: 0 Htf u-ift6a<Dtmia«K:fe^ £Htf 

£o 30 

[0020] mtzzj *zs\s^<oz>^\z*m^tcm&i' 
mu »»»5R^iBLyfc*m««tcH<*«sa*« 

tt. l§IK3-&3Qc3&s6ISA«?l»±^B»U-iflSJ|a> 
M^r^ot, U-1fr£1*-f *><DiSK<DMfc:<5« 
»ffl©t**4«JftccatL. U -if tgfliJb * >ifiS(PiSl> 

[0 02 1 ] ^&^-r^>ffiS<D^Ol3f^:ffiC^cHf*U 

— tf^acD^^g^, H*u-tf»a<D»3|sn9*^»n 40 
-*?&gk<Dmmmm-c$>~> r , u-ifstt 

[0 02 2] »S»»[<D-/^>«JK«Jni3-|±iH#u- 
i£ 3 ft # 6 ISA * 5 1 £ _Bf r Btt u - if *£ a so 
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WS rfija: a o r £jib 3 -t± £ c 4 * 49* 4 T -5 . 

[0 023 ] *>«flEUWllS-l**H*U- 
tfW AOKiSSaRi > Htt U - If MAO AIM 

»A*tttt. EW6S-&«c*s6ISA«l*±tfrH»U- 

*BA*f¥«-r*«»(iai!"c*or. «rsBtm^*<D 

U - If r£ 14 W * > £ B3[ig 4 t & cc tffln 3 -if £ £W 
U u-1f^-Y^>rSS?:W^ffi]Cc?&or^i23if & 

[0024] u—tfr£tt^^>?g^^^@i*u-if 
»A©jaffl0>— «J*JDM^ISCc<fc 0 . aWBJnM^ 
Stc 9 Bf* u -if « A<&*ftfrrfijcc» o r — Jjfr 6ffe^ 
^^»«&S-e*c<!:K:J:*K u-1frS1£-r*>agg 
A©tt:fif ft cc?S o r £JE! ?t-5ct <b T & B 
»u-ifSA©^*So 

[0 02 5] U-1fffi14^*>«fi#*5j— &BttU-^ 

mgk<Dmm<D— &&&M-?z>tcv><Dimm^m±* twain 

M*S<fcB(* U - If «S A 4 ©tB«fllflB*H» u-lfIS A 
®*§Att2rrnjoc»o r — 6fft^«tt 3 

iiHBanM*a*H*u-if«A©^H^»i»3 

u-ifr£te^^>?SS«:SA<Df*^K:?&o.r^Jig 

^tsci ^#®c 4 ? z> mt* i» - if &&<Dmmmm: 0 

'[0 02 6] ftte*©»I^CC<t ^H*U-ifj|SAOf¥JSR 
^*fi«. «M0fcH»U-1fS«[^6ftA«:fi8S3'l±.S 
Hf*^A^«^3 4i U-if^tt^^>«ft3Wtt^tc 

^ie^r^-o^^ u-if ttA»»©»*«Be«(3>- »*an 
M^«cc<to»»W«:ifflHI3-&r % u-ifr5^^^>^ 
K^ttA©»**fiicc»or4aBs^sc4*««4-r 

•So 

[0 02 7] «8tt»(D»nM«cJ:-5@«:u-lfttA©»l« 
*»0A:H**U-1f*«^6»A«:JiRfiS-&^ 
^:2e>CDH« A«<«S^ 3 n u - if r£tt >T ^ >^S^# 
^^^ie^^ou-ifSAW*4or)^«ag#4, mriB 

*^ft*MiB^M*a5cJ:0ffl»WK:«»l!$#r, u 
-if rs^ -r * >*Bffi3WiftA<z)W^rfii(c»o r «jie uaiB 

ffttA*fWK-rsci*«Fa<s:-r*. 
[0028] *«ibc!>h(* u-if mmz* mmtmt u 
rco^^u-ifi. x^»«<oH#u— tfiga 
4, OTKBttU-lfttA©— ^Ottffir&SfflSBBcfcO 
8WB^»U-1f**A«Ur«*0/t**^3-!±-5 
5*^4, MiBB*u-ifttAoffi^(C«»ffir*S»ai 
Mtc^ai#S^:(i^./cBi*u— tfSStc*sc>r % BulBB 
»u-ifSArtcou-ifr£tt^^><7>K-^iSa[^ A 

effi^ ^> ^spM^tt z> ^jib * wt ^ m& u - if ^ a 
e^BuiBBf* u — if e AcoaeB <t ^ 6 
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itt£«ffi(crfii*^T, mmrnfr h ^aro & x<om g ^ 

[002 9] *«W(Z>Hf*U- tfSSBtt, ffl*ft*«<t L/ 
SfflB^ft: U -tf A*f Ut«4 L /c^^r^Jl 3 i± Z> 

- -fwaafimsm* e> #£PM^tt*nir &sjib <t tn z> <* s 

[0 03 0] ggOI^: SMiOfeW 1 7 r ^ 

[0031] m»i"~ yt&s&mim k: i — if >r * > a 

&o 20 
[0 03 2] 

dter &RcK»fi«s t u - if *sn * i > /c @ # u - 

[ o o 3>3:=] tn&tc*§m^m^2>mfcis--ir$£m<Dm 
f&^i^mffi&^Muxmw-rz* ant 

£o H#u-1f«H«. Bi*u-1f*Sfil 1 £J©Ji£a-T£ 
fc«>©¥»(*u-if l 6 V flag*! 9*B#u-ifilSil 

i i Kmyt?ztctb<Dmjfcft¥m 1 3sc;ifi*s«« 30 
1 5, h*u— tfttai 1 *»ai-r5b- 1 

2, @i*U-1f^2 O^r^OtB-r/c^CDtB^^l 4^^ 

uti^. a<*u-if*siii KDmmmi u^u^mm 

1 8Cctt % ^n^ti, ffljB#l 9;&t>*Bf*U-1f7fcl 4 
[0 034] 1 (9@#U-1f^M(£ttmco(,>T 

smut a. ^sttu-if 1 g£k> mz> otcmmyt 1 9 

C±«:J:9> W£>\ Hf*U-tf»»l iteASW*. C 
nccJ:D. fijja^: 1 9<D9 9%0x^;l/+*-^Ifti/>- 
IfftSl lCaRiRSti*. @»l^-1f^l lCcgRiR^ 

titcmz. — ap«jftcc^»§n, — awass 1 0 6 4 n 
mo@^u-if7ic2 0 £ braids ft & 0 

[0 03 5] yctC*«K©H*U-1f«fi<D» 1 ©Hi 
te, 116mm, f$4mmt^l U- 1fr£tt^^> 50 
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©«ft#0 2<D<fc5K:. /S3*|ni«:fE««:]:bffilLriifti 

1 7, #£pmi 8-c©u-ifn§tt^*>«ffitt % -en-e 

ft. 0. K 1. 3atm°/ot^^ CCDtfe^C^Z^. 
tf*©«fi«. 8 8 0 n m. tH^J 1 0Wt^> 

[0 0 3 6] :>C«:*«9!<DH*U— !fttft©W 1 <DH*£ 

w©sa6wtc*$w^@(*u— tfjiss i i tptcmzztitc 
smyti 9 hbii 7^»jpii 8(Dr^-c 

2 2H H#U— !f*8Sl l£J**3&ffiK:i Gemote 

SWl 8M^u-lf^^^><Dr«ffi^nSi^cd&«:, ^ 
£PM l 8 WJ-rffl|^©®iK**rt:# < % *>o|£gi#A# < 

(003 7]S4«, L"-1ft££k<Dm 1 (D^Sfe^JCD 

tiftS&mmicfeW)-? Z> L L i> tc, ±»«|3W 2 
u-lflSS l l coaia® l 7 &o*ffiij® 2 5^> e>co^iP^j 

[0038 ] ^«C*»M<DHf*U-1f«a©»2:-©3l».- 

-/7h'Jt^A:YAG(Yb:YAG) tit 20a 

[003 9] ^5«, N_d_: Y A GJfeatC^^T Y b : 
Y A G&gL&m ^tcm&<Dtegk<P<D U - If ffitt ^ > O 
SS2 l^MaL//c4>0"C*e 0 Yb : YAGttt, 

CD9 9%<Dx^;U^-^iR$n^CitC^^ 0 

[0040] i6«, Bffa©H*U-1f*Sft*fflC^c» 
^Oii^g^^:^L/Ai4>CD-C^>S. Yb : YAG*C 
«ilJl^:S<-r-5 > C<!:^-r€r€>CD-C > ^P®^e>cDtio 

7fficcWWJ$ti&c<tK:«c^ 0 

[0 04 1 ] ^Cfe. *^(Di(tU-img«, J»S* 
1 9T'^)^^^U-1f 1 6^rV^CCie^L. 

-if* 2 o€r@*u-ifte a ^i i cc^or^a^c^om 



u 

[0 04 2 ] #cc. **W©H*U-1f*S»©ffiS£»ffi 
[0 043107 tt#2^<D®{* U— tfftAOHfiKK 

r*a»ic!>siEjfc«i©«jffiia'r*o. fi£*<D@f*U"if 

t£A<^jftttB£«tt£<DK. Nd:YAGffl3 1^ 

?ntfc^ r;u 5^*1^3 2ii^tciHl^T€>c<hCCcfc: 
0. Nd : YAG*iR«:3ft»BW«:JWf-rs. S6*<Dft«E 

cfc^K. gWKiiKROTIdifr/aL***^^ «#2 

o r fcj— ft i£g *n~?mw u - if urc^c 

OH*U— tflSJUOfPAWttiiaWCcU. a^sccj: 
ONd: YAG0>»iK*^Wfc8»*4C±^ Nd 
©YAGfc#t4^»W^*iff©fl#T«l»K:2-5 

1f »fi0> nJfi& i ft S o 

ilffiSCX? I *±t/a**ffi3(M>Hf*u--1f*»OfP«* 
&£9jS<-r«C&ec<J:9> «*.«»■» 1. 5-2:',5 

iB*^ou-ifi|6a©WflEfeoI«B'r*-S. 
[0 04 5] MS *«9a«:J;SH<t:U^lftefi(0» 

sit tmm-emi>xi6K> , Kttss itfajsjMH3 8 

tcffl^-r*. »l£tt. Nd : YAGM3 If 

W6*tt <fc 5 HK«ttts»&MI 3 8 Mf < ccoti 

3&>6fe9i6JfcftJ:5K: fc Nd : YAGM3 1 
1f«tt^*>«ff£^*SC<fc«c£D. SE&ft?gg£JlB 
*»o@«u-lfi|*a(Df¥fiS3^pJtB<bftS. SfcfBKL 
/cNd : YAGS H 0 B 2 7<Z>4>*>6. £JM2a 3 5, £JS5 b 

3 6. <%mc 3 1 ^ti^ti<D%Kft&tyK>m~? CtlcJ: 
9. afttt«K^*J#^Hf*u-ifttft©f1^3OTitt 

iftSo 

[0 046 ] *»M©H* u— w»»©f^swrffi 

[004 7 ]H9BI(*l/ — tf *£«fi<DSSi£i£|g(DSII 2 CD 
Sas«©«fiSHr*«3. u — tfr£1£^*>^g<DJ!tftS 
4@ScD^®a 4 0. 7§^b 4 1 . ««[c 4 2. ?§*gd 

4 3^1 rMSo(22 9RC^f*U-1fttA4:«» 
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a 4 o-Md 4 3 ^m^mbt ztc&<D&gi&mm 

3 9t»t4. U— !fStt^4->«K». i§f£a4 0"T? 
M4>i6<, ^d4 3M?<Cco*irffi<ftS<J:5K:R 

[004 8 ] *mmm<Dmft\s~*fmi&<Dfti$jjm~c 
YAG»»27*«ib4 i(c*tts«ncnttA«aa 

£l±So cn^r. ?§^d 4 3^r^0il-To CtlW 

So 

(0049]il0(t ^llte^HflcU-lfilgSCDfP 

«c^^<fcsH#u-iftt«*©u-if»stt-Y*>aitt 

4 8(J»$*SUtor*S. £Jl5a4 4, £J12b4 
5. £jI2c 46, £j|Bd4 7 tt. Ma4 
0. Mb4L Mc42, «iRd4 3«c*5t>Tf¥JSS 
0/ogg£jgg-C3><&o S^CcEIRWfc. SJKSrffiSOtt 
fflITc<&S#L SI 0CDJ;5ft^ie£^ogf£u~if*± 

[0050] ^^wc^nr H*u-if»a*» 

■•■ ['005 1 ]^cc. *^oH»u--we»©ffi«WjS6 
^SCfS5BS*«©»3©||3»WCCoi»rifi^S. : 

[ 0 0 5 2 ] 0 1 1 «:@{* tftefi<?«SSai<D»flE 
* Ht?*'0\ N d : YAGM3 1 1ft£tt^M 
<DMf4ftSNd 2 0 3 ©»*4aAt-6fcft©l/-fg 
30 tt«j«aAP4 9^»^^tir^s. 

[005 3] *^«tcJ:SH»U-1fil6a<Offfifc&ffi 
cc*si,vrtt % £t\ I r»So«2 9 U-1fr£tt 
*JMO)M*4t0*-r^>SNd 2 O a AI a 0 3 , 

~1f^^S*£AP4 9 <fc9Nd, 03 S**aAt 
So CCD^SCC.fcO. BSffl<fc<t*>OCNd : YAGM3 

1 *<Du-ifr£tt^^>rgS^it^3^Sc<h^"C^, 
U— !frStt«JHoaAfiiaAI«rUI*XiL S C i CC J: 
40 0 . atSAflJriiftoffi < , Bti S « £ff < ft S iSKSJ 

k^obs* ass $ i± s c i *i pjtfe i ft s o 
[0 054] *»H©liM»U— wsaoffiswa 

[ 0 0 5 5 ] H 1 2 CC*SC^Slx-1f|S H ^(DiS^g'C 

^fti^^^@<*u--lfie^5 0^M^i<DW^ 

<b^c<fc0. u-1frS^-r^>"C^>SNd3+«^^^:^ 
50 »t^Urrsc<2:ecftSo 
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[ 0 0 5 6 ] 0 1 3 tt. ro^COU— !fJefi©fffiR**t* 

g<D#^£^l//c&<DT>£>£ 0 ifflKtt* W«©Nd : Y 
A GUSH 5 l©U--lf?£tt>f^>©«ffiK:*t"r&*B*ffii 

-<^->CD?Se^«, i8b5 3^6fl8d5 5^t 

l\ fc-*5 0©#«^»K:j:9, KK*tttttt&*3E 

[0 05 7 ] ^CC, *»M(OH»U— !f«a©ff«£&ffi 

[00581114 *#jfirr * £ . *»580>Hf* U— !f 
&JK££l&£gStt> r;i/5^«5 6cc«ssn^. ya 

G«ttS2 6&^ Nd : YA G<DJHf4£ ftS A 1, O 
3 . Y, 0 3 . MNd, 0 3 ©B*fiS<D»*£*B&3 
t/cNd : YAG«eS#5 8, N d : YAG«B*5 8 
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